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M I S S I O N
Risø’s mission is to promote value-generat-
ing and sustainable technological de-
velopment within the areas of energy, in-
dustrial technology and bioproduction
through research, education, innovation
and consultancy.
V I S I O N
Risø’s research shall push the limits for the
understanding of nature’s processes and
interactions right down to the molecular
nano-scale level.
The results achieved shall set new trends
for the development of sustainable tech-
nologies within the areas of energy, manu-
facturing industry and biotechnology.
The efforts made shall benefit Danish so-
ciety and lead to the development of new
large industries.
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Risø aims to maintain and develop Denmark’s
leading position in the world as a developer of
sustainable energy technologies, including fuel
cell technology.
Jørgen Kjems
CEO, Risø
R I S Ø  – S E R V I N G  T H E
I N T E R E S T S  O F  S O C I E T Y
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2002 was a special year for the staff and
management of Risø National Laboratory. 
As is described in this Annual Report, we
have achieved many important research
results. At the same time, we learned that
the man in the street thought that we were
closing down together with the reactors.
We must have been half asleep during the
communications lesson, for we have not
done enough to communicate to the gen-
eral public that we have far more to offer
society. We are now trying to make up for
this, among other things with this Annual
Report which focuses on Risø’s contribution
to the development of the Danish know-
ledge society.
The development of energy technologies
at Risø has always taken place in
a close tripartite cooperation between
society, research and industry. Today,
this cooperation is described as a 
triple helix. 
Read more about triple helix on page 6.
Realising the vision of fuel cells as one
of the environmentally friendly energy
sources of the future is one example of
tripartite cooperation which has proved
very interesting. 
The photo shows the three players –
clockwise, from left – Søren Linderoth
from Risø, Niels Christiansen from
Haldor Topsøe A/S and Aksel Mortens-
gård from the Danish Energy Agency. 
Read more about this on page 16.
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Risø’s role
Who are we at Risø? What is our mission?
What is it that we do that no other institu-
tions in Denmark can? Risø’s strongest
forte is that we have always acted as a
catalyst for the cooperation between the
political sector, public research and trade
and industry. This cooperation is very
important for Denmark today when
globalisation causes major changes and
generates a requirement for more new
high-tech workplaces in Denmark. In this
Annual Report, we describe the results
achieved in 2002. They reflect the fact
that our scientists are used to working in
pursuit of concrete objectives that may en-
hance the “catalyst effect”. Furthermore,
the results prove that our departments
and disciplines interact and exchange
knowledge, benefiting the results of the
individual areas.  
Close cooperation 
with trade and industry
– an important parameter for success
Risø is well-known for its close cooperation
with industry and the business sector in
general. The results from both our general
and our more targeted research often
have a spin-off value to other areas than
the ones we were aiming for. In this way,
our long-term energy projects have
brought about advances that will benefit
the health sector and the medical field. In
2002, we took the initiative for the
strengthening of our innovation efforts
with systematic assessments of the prod-
uct and commercial opportunities in the
growing patent portfolio – in close dia-
logue with scientists and potential buyers.
Today, more than half of Risø’s economy is
financed by external funding, and one
fifth stems from commercial assignments
for trade and industry. At the same time,
we supply competent employees to enter-
prises. One third of our staff work in train-
ing positions and there is a continuous
flow of staff through Risø where they ac-
quire additional skills for future positions
in trade and industry or elsewhere in 
society.
Increased education efforts
The Danish government’s review of sector
research which was carried out in the
course of 2002 led to a demand that sec-
tor research contribute more to education.
There must be closer relations between re-
search, innovation and education. We are
very aware of this obligation at Risø, and
in 2002 we developed a new education
strategy. Research and education create
the basis for innovation, and these three
activities must, to the widest possible ex-
tent, be integrated. We will seek to include
education as a natural part of all our re-
search projects where for instance PhD
students, Risø scientists and people from
industry work together. Risø’s education
facilities must complement the universi-
ties, providing competencies and learning
which will benefit industry in future.
Environmentally friendly technology
development – a social mission
Risø’s activities focus on energy – not nu-
clear energy, but the environmentally
friendly energy sources that will be re-
quired in future. The increasing energy
consumption is hard on the environment
and often draws on resources that are not
inexhaustible. For this reason, we need to
develop new energy technologies that are
environmentally friendly. This is a long-
term objective which the private sector
cannot fulfil on its own – neither locally
nor globally.
Wind, fuel cells, biofuels, polymer-based
solar cells, etc. are visions of the energy
sources of the future. Risø is spearheading
research in these areas. In other words, we
are pushing forward the development of
sustainable technology, and thus we help
pave the way for the establishment of new
workplaces in Denmark – both in existing
and in new businesses. The present An-
nual Report contains several examples of
this.
One of the spearheads 
of the research of the future
We are at the start of a new era where Risø
is no longer a historical institution but one
of the spearheads of future-oriented en-
ergy research with spin-off to other areas.
In the energy area, new technologies are
typically in the melting pot for approx. 30-
50 years. This provides scope for long-
term visions but also means that results
must be produced continuously, docu-
menting quality, benefit and progress. We
enjoy this challenge.
Thank you for your efforts 
and cooperation in 2002
In 2002, we have developed a new staff
policy focusing on job satisfaction, com-
mitment, innovation, cooperation and hu-
man relations. We would like to thank all
Risø’s employees for their important ef-
forts in 2002 – thanks also to our partners
in the political system, at other research
and education institutions and in trade
and industry for their cooperation in
2002.
Jørgen M. Clausen 
Chairman of the Board
of Governors 
Jørgen Kjems
CEO 
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“Once upon a time, the scientist sat in his
ivory tower seeking solutions to theoretical
problems without giving much thought to
the applications of such solutions. His mo-
tivation was the problem-solving in itself.
Then, someone might have discovered
that the solution could be used for a con-
crete purpose which would set off a devel-
opment process. This process was quite
linear. Not anymore. Today, the issues are
so complex and the competitive pressures
so intense that research projects are al-
most always handled in interdisciplinary
teams. The problems can only be solved
by scientists if they cooperate”, says Risø’s
Deputy Director, Jon Wulff Petersen.
We cannot leave the tasks 
to the market forces
“The scientists used to want to be “free”
and were reluctant to consider possible
applications, but today the scientists are
interested in the effect of their research for
society. There is a need for close coopera-
tion between society, research and the
particular industry responsible for apply-
ing the results outside the research envi-
ronment. This cooperation should be
based on dialogue and on equal terms,
but it is of great importance that it works,
because none of the parties can stand on
its own. Industry cannot solve the social
tasks on market terms by itself, of which
wind-energy is a good example. Denmark
would not be one of the leading countries
in the world in this area if the political sys-
tem had not prepared the ground for it.”
Who does what in the triple helix? 
“Triple helix is a new concept designating
the dialogue-based cooperation between
society, research and industry. The political
system must contribute to this coopera-
tion by setting out the way, creating mar-
kets and initiating programmes. The re-
search institutions must create research
platforms and establish cooperation pro-
jects. And industry must contribute with
market knowledge, co-financing and par-
ticipation in cooperation projects. In the
graphical representation of the triple helix
model, it is not possible to see “who
comes first”, because this is a concurrent
process where the actions of one party af-
fect the behaviour and results of the other
parties,” says Jon Wulff Petersen.
The triple helix creates new workplaces
“Globalisation is an important reason for
why the triple helix model is necessary.
Many businesses are moving their activi-
ties away from Denmark to low-wage
countries. For this reason, we must ask
ourselves: How do we attract new business
to our area and thus create new work-
places? The triple helix model is the
answer, because new workplaces must be
based on new technologies. For this
reason, it is very important that we under-
stand each other’s roles in the tripartite
cooperation so that we can create a posi-
tive development helix,” says Jon Wulff
Petersen.
The best way of develop-
ing the technologies of
the future is in dialogue
between society, research
and trade and industry. 
This cooperation is called a
triple helix. It is crucial for
allowing Denmark to hold
its own in international
competition.
T R I P L E  H E L I X
– T H E  K E Y  T O  T H E  F U T U R E
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In the triple helix model, society, research and industry are the
driving forces. Even though the concept was only “invented” in
the USA a few years ago, the Danish political system, Risø and the
Danish wind turbine manufacturers have practised this model for
25 years. And with great success too. Today, the Danish wind tur-
bine industry is a world leader, thereby benefiting Danish society.
Triple helix pioneers
“Maybe we didn’t know that we were working according to the
triple helix model, but we knew that our way of solving the task
was right. But the interplay between society, research and indus-
try in the Danish wind energy area was for many years the only
one of its kind in the world. Over the years, our colleagues abroad
have often asked us: “What is it that makes you Danes so suc-
cessful in the wind energy area?” The answer is without doubt
our unique tripartite cooperation which has today been accepted
around the world as the key to the future in other research areas.
We have really been triple helix pioneers,” says Peter Hjuler
Jensen, Programme Manager at Risø’s Wind Energy Centre.
Research
AAU (The University of Aalborg) 
DHI – Water and Environment
DTU (The Technical University of
Denmark)
Risø
New technology platform
Wind turbines
Trade and industry
The electricity sector
The wind turbine owners
Bonus Energy A/S 
LM Glasfiber A/S 
NEG Micon A/S 
Nordex Energy GmbH
Vestas Wind Systems A/S
Society
The PSO programmes of the electricity sector
The energy research programme (EEP)
EU research programmes and directives
Subsidy schemes
Wind energy research is a prime example of how the triple helix
principle functions: The political system sets out the way, helps
create markets and provides support through research programmes.
Industry participates in cooperation projects, co-finances research
and provides market knowledge. Risø and other research institu-
tions develop the necessary research and technology platforms
and participate in cooperation projects with the other
players in the positive helix.
W I N D  E N E R G Y  
– A  T R I P L E  H E L I X  I D E A L
By means of exemplary, coordin-
ated and joint efforts, society,
research and industry have placed
Denmark at the international fore-
front of wind-energy utilisation.
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Danish wind turbine manufac-
turers have exported many
wind turbines to the USA (pic-
ture) which is incidentally the
only place in the world with
wind energy research environ-
ments comparable to the Risø
Wind Energy Centre. 
Twenty-five years ago, the
wind energy research at Risø
was practised by a few scien-
tists. Today, the new Risø cen-
tre for wind energy employs
120 employees – and wind tur-
bines have become Denmark’s
third-largest export item.
The triple helix has driven 
technology development
In 1975, wind energy was put on the
political agenda in Denmark and it has
since been an important factor for the
success of the Danish wind energy indus-
try. Society not only supported research
programmes but also initiated a market
stimulation programme via subvention
schemes. Society’s demand for the ap-
proval of wind turbines further promoted
quality development and research. Risø
and other research institutions con-
tributed as knowledge producers. And the
wind turbine manufacturers started pro-
duction. The end result was an active wind
energy market where technology develop-
ment was stimulated and driven by all
three “triple helix” partners. 
A carefully managed 
cooperation process
The background for today’s turnover in
the wind energy sector, which runs into
billions, is that the cooperation process
was carefully managed right from the out-
set. Furthermore, the process has always
had the goodwill and support of the polit-
ical system. The political system has both
safeguarded research and the market in a
stable way, which has not until recently
been the case abroad.
Denmark – a global powerhouse 
for wind energy
Twenty-five years ago, there were only a
few scientists at Risø engaged in wind en-
ergy research. Today, the Risø Wind En-
ergy Centre has 120 employees. And the
wind energy producers employ thousands
of workers. Denmark has become a global
powerhouse for wind energy.
The challenges for the future
But what is the outlook for the future?
“We have a lead in both research and pro-
duction, and this we must keep. Competi-
tion is fierce – not least from the USA. We
can only keep our position by ensuring
that our triple helix cooperation still func-
tions optimally and helps ensure that we
have a knowledge network with global
competencies. Today, knowledge is a
complex concept measured on the basis
of a global standard of what we acknowl-
edge today as “knowledge”. We must
publish our knowledge to know whether it
is actually “recognised knowledge”. But
when we publish our knowledge, we are
already ahead and moving on. It is a
never-ending race.”
Global competition 
on triple helix terms
In future, we must compete with other
countries on triple helix terms. Countries
are competing globally to be driving
forces within the various technology areas.
In the wind energy area, we are focusing
on the high-technology challenges, both
with regard to research and production, as
these are strategically most important. We
are constantly developing the most diffi-
cult areas further in order to maintain our
lead,” says Peter Hjuler Jensen.
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1975 | Wind energy is put on the
political agenda.
1977 | Wind energy is included in
Risø’s research plans.
1978 | Risø establishes wind turbine
test centre.
1979 | Growth in the wind turbine
industry/Act on funding for
wind turbines.
1980 | The Danish wind resource esti-
mation software is published.
1981 | Energy plan 1981 makes rene-
wable energy a top priority.
1985 | Wind energy research
becomes a separate depart-
ment at Risø.
1989 | The wind turbine industry
experiences growth once
more after the collapse of the
American market.
1990 | State subsidies are reduced.
1991 | New wind turbine approval
scheme is developed.
1995 | The wind turbine industry
names Risø the centre of
research in Denmark.
1995 | Global recognition of wind
turbines as an actual option 
in the electricity supply of 
the future.
The triple helix models can put the
knowledge society into practice. 
In practice, we at Risø have been
working with wind energy in a
triple helix cooperation for 25 years
– and this unique interplay between
society, research and industry has
created the basis for Denmark’s 
global leadership in wind energy.
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Peter Hjuler Jensen
Programme Manager, 
Risø Wind Energy Centre
Both the Risø Wind Energy Centre and the
Danish wind turbine manufacturers have
long called for a new test centre for large
wind turbines – the one established and
commissioned at Høvsøre in Western Jut-
land in 2002 fulfilled this demand. This
area has the advantages of being flat and
having relative high wind velocities. The
first condition is necessary to obtain stable
wind measurement results for the deter-
mination of performance, while the sec-
ond contributes to the required high wind
load on the turbines over a sufficiently
long period of time.
Denmark’s largest wind turbine
erected at Høvsøre
The test centre will comprise five wind tur-
bines at a time with different heights,
measuring up to 165 metres from the
ground to the topmost blade tip. Each
turbine has a measuring mast in front, and
a meteorology mast and two light masts
have also been erected. The light masts
are for aircraft safety. The largest of the
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O U T  H E R E ,
T H E  S K Y ’ S  T H E  L I M I T
In 2002, a test centre for large wind turbines was
put into operation at Høvsøre in Western Jutland. 
The objective is to ensure that Danish wind
energy research and wind turbine production will
stay at the forefront of technology.
Research
AAU
DMI (Danish Meteorologi-
cal Institute)
DTU
Risø
Trade and industry
The electricity sector
The wind turbine owners
Bonus Energy A/S 
NEG Micon A/S 
Nordex Energy GmbH
Vestas Wind Systems A/S
Society
The political system
The Danish Energy Agency
four wind turbines currently erected at the
station is a 3 MW Vestas wind turbine.
Wind turbines of this size will typically be
erected in offshore wind farms, however, it
is, of course, much easier to operate a test
centre on shore. 
Improvement of calculation models
The test centre serves multiple purposes.
The wind turbine manufacturers are able
to test and document their large wind tur-
bines in practice. Wind velocities of more
than 20 metres per second affect the large
wind turbines dramatically and cause con-
siderable equipment wear. At high wind
velocities, the existing calculation models
for equipment wear are subject to some
uncertainty. The measurements at
Høvsøre will enable scientists to develop
their calculation models further. In this
way, the manufacturers can optimise their
turbine design so that the turbines will be
neither undersized nor oversized in re-
spect of the materials and equipment used
in their construction. 
We must maintain our lead
Wind research has become very advanced,
and it is important for the Danish wind en-
ergy research to stay ahead in order to
make it attractive for the wind turbine in-
dustry to keep developing wind turbines
in Denmark. The new test centre will also
help ensure that we obtain the optimal
development of wind power in Denmark
from a socio-economic point of view,
among other things through precise pre-
dictions of wind energy production. 
Industry is co-financing the test centre
Risø has invested around DKK 38 million in
the Høvsøre test centre. However, Risø
leases the test stands to the wind turbine
manufacturers which repay the initial costs
and the operating expenses over a period
of time. The stands have been let to Vestas
Wind Systems A/S, NEG Micon A/S, Bonus
Energy A/S and Nordex Energy GmbH.
The project is a unique example of the in-
dustry co-financing research which will
benefit both the industry itself and society
in general.
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The 3 MW | Vestas wind turbine
(MW = MegaWatt) which was
erected at the test centre at Høvsøre
on 7 November 2002 is the largest
wind turbine ever to have been
erected in Denmark. The hub height
is 80 metres and the blade diameter
is 90 metres.
NEC Micon | has erected a 1.5 MW
wind turbine at Høvsøre. This wind
turbine has been erected on one of
the world’s largest wind turbine foun-
dations which has been designed to
carry a 5 MW wind turbine.
Read more | on the Internet:
www.risoe.dk/rispubl/VEA/nyhed_ho-
evsoere.htm 
www.bonus.dk
www.neg-micon.dk
www.nordex-online.com
www.vestas.dk
www.windpower.org/
On-line measurements | from
Høvsøre can be consulted at:
www.risoe.dk/vea-data/hovsore-
data.htm W
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The new test centre for
large wind turbines at
Høvsøre provides us with
important new knowledge
which manufacturers can
use in their future design
of wind turbines.
Peter Hjuler Jensen
Programme Manager, 
Risø Wind Energy Centre
The knowledge possessed by the Danish
wind energy industry must continually be
expanded in order for Denmark to main-
tain its global leading position in the wind
energy area. In other words, we cannot
just sit back and rest on our laurels be-
cause then we will be overtaken by other
countries.
New knowledge must be embedded 
in the development of the industry
We still have a unique position with an in-
ternational market share of almost 50 per
cent, and Danish wind energy research is
in many ways still ahead; however, we
must not assume that this will always be
the case. There is, however, no doubt that
a battle must be fought on the knowledge
content of the products. In this connec-
tion it is important to focus on how to best
implement research in the development of
the industry.
The four participants 
in the research consortium
For this reason, four research institutions,
headed by Risø, established the Danish Re-
search Consortium for Wind Energy in
May 2002. The other participants are the
Technical University of Denmark (DTU),
the University of Aalborg (AAU) and DHI –
Water and Environment. The consortium
comprises a total of approx. 150 scientists
experienced in meteorology, wind and
wave loads, aero- and structural dynamics,
new materials, operating principles,
power electronics and the interaction with
the electricity system and the design of
the decentralised energy systems of the
future.
The triple helix of wind energy 
must be reinforced
In Denmark, wind research and the wind
energy industry have enjoyed fruitful co-
operation with society for 25 years. This
model needs to be reinforced and devel-
oped further in future with a view to pro-
viding new knowledge for the industry. It
is against this background that the re-
search consortium has come into being.
We must provide the wind energy industry
with more research resources in order to
enable it to withstand the increased com-
petition from strong forces in the USA and
in Europe.
Knowledge and competencies 
for industry
For many years, Risø has cooperated
closely with the wind turbine industry on
the practical utilisation of research results
for the benefit of society. The consortium
is to develop and strengthen this coopera-
tion, among other things through educa-
tion initiatives to ensure that existing and
future employees in the industry receive
the appropriate training. 
Closer link 
between research and education
“We must create a closer link between re-
search and education. For this reason, the
consortium has established a research
school, The Danish Academy in Wind En-
ergy, supported by the Danish Research
Training Council. This academy will pro-
vide the framework for the training of PhD
students. The Risø scientists offer guidance
and act as hosts for the PhD students. We
have been participating in discussions
with the universities on how our know-
ledge can be channelled into their
courses, among other things, by offering
the students the chance to carry out tech-
nical projects, including exam projects, at
our facilities. Furthermore, we are cur-
rently having talks with the University of
Aalborg on how to establish an open Mas-
ters course for employees in the wind tur-
bine industry,” says Peter Hauge Madsen
who is Deputy Manager at Risø’s new
Wind Energy Centre as well as being the
day-to-day manager in the Danish Re-
search Consortium for Wind Energy.
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W I N D  E N E R G Y ’ S  W I N N I N G  C O N S O R T I U M  
I S  I N  P L A C E
Four research institutions, headed by Risø, have established the
Danish Research Consortium for Wind Energy with a view to
safeguarding Denmark’s position as Wind Power Valley – an
international powerhouse for the utilisation of wind energy. 
The consortium has been set up in the assumption that new
knowledge is continuously added to the area.
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Denmark is an important global
exploratorium for wind energy. 
Approx. 17 per cent of our total energy
consumption comes from wind energy. For
this reason, we are in a good position to
improve and optimise the entire electricity
supply system with wind energy as an 
important, renewable and environmentally
sustainable energy source.
Peter Hauge Madsen
Deputy Manager, 
Risø Wind Energy Centre
The four participants | in the 
Danish Research Consortium for
Wind Energy are:
– Risø National Laboratory
– The Technical University of Den-
mark
– The University of Aalborg
– DHI – Water and Environment
The consortium | comprises approx.
150 scientists with competencies in
the fields of:
– meteorology
– wind and wave loads – aero- and
structural dynamics
– new materials
– operating principles
– power electronics
– the interaction with the electricity
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Society
The political system
Research
AAU
DHI
DTU
Risø
Trade and industry
The electricity sector
The wind turbine manufacturers
Wind energy research comprises a number
of different disciplines – from meteorology
to electricity supply technology. There-
fore, Risø has now gathered all the em-
ployees in the Wind Energy Department (a
total of approx. 120) under one roof in the
new Wind Energy Centre. In this way, sci-
entists with different backgrounds and
fields of work are now able to work more
closely together – thereby achieving re-
search synergies. 
Risø – a unique knowledge centre
The scientists at the Wind Energy Centre
are, however, also drawing on the expert-
ise of their colleagues in other Risø depart-
ments – for example within the areas of
materials, system analysis and sensors. In
this way, Risø is a unique research environ-
ment with lively interdisciplinary activity.
Risø’s Wind Energy Centre is cooperating
with educational institutions throughout
Denmark – Risø is, for example, actively
participating in a new wind centre at the
Herning Institute of Business Administra-
tion and Technology.
Cooperation-stimulating 
office environments
The Wind Energy Centre has been estab-
lished in two of the old Risø buildings from
the 1950s. However, they have not just
been renovated. Rather, their layout and
interior have undergone complete refur-
bishment – with focus on creating office
environments stimulating cooperation, for
example with offices opening onto confer-
ence and plenary areas. The new centre is
big – even by international standards.
Only the USA boasts a similarly sized unit.
Risø’s Wind Energy Centre has a blade test
centre in Sparkær near Viborg and a large-
scale wind turbine test centre at Høvsøre.
From marginal role 
to global leading position
Wind energy research started at Risø 25
years ago as a marginal activity with a few
highly committed employees. Since then,
Danish wind energy research and the Dan-
ish wind turbine industry with revenues of
approx. 20 billion Danish kroner in 2002
have taken the lead internationally. Today,
wind turbine technology is Denmark’s
third-largest export item. Maintaining this
leading position requires targeted efforts,
especially as several countries are keen to
take it over. 
Three strong initiatives
The establishment of the Wind Energy
Centre at Risø is an important step in our
endeavours to maintain and further
strengthen Denmark’s leading role within
the field of wind energy and the develop-
ment of sustainable energy technologies.
This also goes for the establishment of the
new research consortium for wind energy
and the new test centre for large-scale
wind turbines. Read more on pages 10-11
and 12-13.
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N E W  C E N T R E  F O R  W I N D  E N E R G Y  
S T R E N G T H E N S  D E N M A R K ’ S  L E A D I N G  P O S I T I O N
8 October 2002 saw the inauguration of Risø’s new Wind
Energy Centre, where the Wind Energy Department’s 120
employees who specialise in a number of fields of expertise
have now been gathered under one roof for the benefit of
wind energy research.
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Research | into wind energy com-
prises many different disciplines
and fields of expertise. Most of the
research resources relating to wind
energy at Risø have been gathered
under one roof in the new Wind
Energy Centre.
The new Risø Wind | Energy Centre
is domiciled on Zealand, but it has
test facilities in Jutland, a blade test
centre in Sparkær near Viborg and a
large-scale wind turbine test centre
at Høvsøre near Holstebro.
Other 2%
E 17%
US 9%
D 29%
DK 43%
Market share worldwide 2002
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We want to strengthen Denmark
as a powerhouse for wind energy
development – with the whole
world as our market. Peter Hauge Madsen
Deputy Manager, 
Risø Wind Energy Centre
Fuel cell research reached a milestone in
2002 when an experimental production
plant for fuel cells was inaugurated at Risø.
The purpose of the plant is to accumulate
know-how with a view to upgrading the
manufacturing methods from laboratory
level to industrial production.
From natural gas 
to electricity and heating
Fuel cells can, for example, turn natural
gas into electricity and heating, and as fuel
cell plants can be established “in all sizes”,
there is considerable potential in Denmark
for the development of plants to replace
natural gas-fired boilers in households.
Risø is well under way with this, in close
cooperation with the industrial company
Haldor Topsøe A/S, which will be manu-
facturing and marketing the plants. Risø’s
scientists expect fuel cell stacks to be
demonstrated in Denmark as soon as in
2004. It will, however, be a number of
years before Haldor Topsøe A/S is ready to
market fuel cell plants for Danish homes –
expectations are that this will be possible
towards the end of the present decade.
Superior efficiency
Fuel cells offer many advantages. They
boast a high electricity efficiency which in
the finished plants is expected to be ap-
prox. 50-60 per cent, the remainder being
heat. If the fuel cells are based on natural
gas, as is the case at Risø’s test plant, the
only waste materials will be water and car-
bon dioxide in forms which can easily be
handled in an environmentally sustainable
way. As there is no flame in a fuel cell, no
hazardous nitrogen oxides are formed. If
the fuel cell is based on hydrogen, which
will also be possible, the only waste mate-
rial from the production of heating and
electricity will be clean steam. In addition
to natural gas, fuel cells can be based on
many different types of fuel, for example
biogas or bioethanol.
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C L E A N  E N E R G Y  
F O R  C O N S U M E R S  O F  T H E  F U T U R E
Fuel cells will become part of the energy supplies of the future. Haldor
Topsøe A/S and Risø have been working together within this area for
some time, and in May 2002 a production plant for the manufacture
of fuel cells was inaugurated at Risø. In the medium term, a fuel cell
plant will, for example, be able to produce electricity and heating for
a household in an environmentally friendly way.
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Research | into fuel cells is a
synergy between many dis-
ciplines.
An SOFC cell | (Solid Oxide
Fuel Cell) is a fuel cell based
on ceramic materials. The cells
developed by Risø’s scientists
are some of the best in the
world, among other things
because of their unusually
high power flux density. 
Haldor Topsøe A/S | and Risø
have entered into a coopera-
tion contract, with Risø supply-
ing the research and Haldor
Topsøe A/S manufacturing and
marketing fuel cell plants.
Fuel cells I can supply heating
and electricity to residential
housing, energy on a large
scale and energy to cars, etc.
The consumers of the future
will – within the next decade
or so – be able to benefit from
fuel cells as a new and envi-
ronmentally friendly energy
technology. Fuel cells can turn
natural gas into heating and
electricity in households. Here,
the only waste materials will
be water and carbon dioxide in
forms which can easily be han-
dled in an environmentally
friendly way.
Fuel cells 
– an asset for energy planning
“One of the advantages of energy produc-
tion via fuel cells is that it is easily
scaleable. Fuel cells can be used to supply
energy to anything – from caravans to a
whole town. It is only a question of scal-
ing. This means that fuel cell plants will be
a good supplement to other forms of en-
ergy production – for the benefit of stable
and sustainable energy planning in the fu-
ture,” says Søren Linderoth.
Other future applications
There are other future applications for fuel
cells than heating and electricity for hous-
ing. It will also be possible to use fuel cells
as an alternative to existing car batteries –
and as an environmentally friendly way of
generating electricity to cool goods in re-
frigerated lorries. In the long term, the
electric cars of the future can be driven by
fuel cells – with water vapour as the only
emission.
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Natural gas + fuel cell plant = electricity + heating + water vapour + CO2
Hydrogen + fuel cell plant = electricity + heating + water vapour
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University of Southern 
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Trade and industry
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T H E  C A R S  
O F  T H E  F U T U R E  
R U N  O N  S T R A W
Scientists at Risø and the Technical
University of Denmark (DTU) have 
developed a method for the manufacture
of bioethanol to be used as engine fuel
based on straw. Biogas is a by-product 
of the process. The use of bioethanol is
CO2-neutral and can therefore contribute
to Denmark meeting its targets for a
reduction of total CO2 emissions.
Society
Danish Ministry of the Environment
EU
Trade and industry
Industry – cooperation agreements
being negotiated
Research
DTU
Risø
In Denmark, the agricultural sector each year produces about 7
million tonnes of straw. This is a resource which can be utilised
much better than is the case today. The cars of the future can, in
fact, run on straw – or more precisely on bioethanol which can be
produced on the basis of straw. Scientists at Risø and DTU have
developed and patented a new manufacturing method which is
more economical and makes better use of the resource than any
previously known method. The new method results in the pro-
duction of bioethanol in combination with biogas in two
processes which utilise each other’s by-products without generat-
ing any significant quantities of waste water.
We must exploit renewable resources
“When it comes to our energy supply, we must think long-term.
We are standing at a crossroads, having to increasingly replace
our oil consumption with renewable resources. And what is more
natural than using stored-up solar energy? Plants can be regarded
as stored-up solar energy. The cars of the future may very well run
on solar energy based on biomass. We have developed a new
method for the manufacture of bioethanol, i.e. alcohol, based on
the glucose contained in straw. Other plant biomass, such as gar-
den rubbish and paper for recycling, can also be used in the
process. The straw is made up of water, carbon dioxide and sun-
light. And the firing of bioethanol in car engines is CO2-neutral –
regardless of whether we utilise the “straw energy” or not, the
CO2 in the straw will be released into the environment. There are
thus considerable environmental benefits to be gained from 
using bioethanol,” says Anne Belinda Thomsen, Risø.
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Bioethanol is a good and environmentally
friendly supplement to petrol – and can
fully or partly replace diesel. 
Risø and DTU have developed a new, 
advantageous way of producing bioethanol
or alcohol on the basis of the glucose in
straw and other plant biomass, such as 
for example garden waste and paper for 
recycling. 
Bioethanol can rightly be described as
stored-up solar energy as the plants are
made up of water, carbon dioxide and 
sunlight. When we burn the straw in the
fields, we see the rays of the sun in the
flames – and they could be put to much
better use.
Our biotechnology can be made cheaper and cheaper
– and oil will become more and more expensive, so at
some point in time, the curves will meet – and they
may well do so in the very near future.
Anne Belinda Thomsen
Senior Scientist and Pro-
ject Manager, Risø
The process tool is enzymes
Energy and energy supply is a question of
resources. With the development of the
new method for the manufacture of
bioethanol, in combination with biogas,
the manufacturing process has become
decidedly cheaper than has so far been
imagined possible. The good thing about
the process is also that it uses waste mate-
rials such as straw and liquid manure, etc.
The process tool is a number of enzymes
which are being developed – and prof-
itability also depends on the price of these
enzymes. “Our biotechnology is becom-
ing cheaper and cheaper – and oil will be-
come more and more expensive, so at
some point in time, the curves will meet –
and they may well do so in the very near
future,” Anne Belinda Thomsen points
out.
An effective way 
of further reducing CO2 emissions
Existing cars can easily run on a mixture of
90 per cent petrol and 10 per cent
bioethanol, while diesel can be replaced
completely by bioethanol. This means that
bioethanol can make a decisive contribu-
tion to reducing emissions of greenhouse
gases by the transport sector which ac-
counts for 20 per cent of total CO2 emis-
sions in Denmark. Denmark is aiming to
reduce total Danish CO2 emissions by 20
per cent in 2005 relative to 1988 levels.
The measures which have already been in-
troduced are not sufficient to meet this
target. Emissions must be reduced by an
additional 3.6 per cent by means of new
methods. Replacing 10 per cent of the
petrol consumption in Denmark with
bioethanol would result in an attractive re-
duction in Danish CO2 emissions of 2 per
cent. The environmental aspects concern-
ing the use of bioethanol are thus particu-
larly interesting. Also because bioethanol
can replace the additive MTBE which is
causing pollution of our groundwater.
Bioethanol 
is environmentally economical
“With our new manufacturing method,
we believe that we can make bioethanol at
a price per litre which is comparable with
the price of petrol and diesel without
taxes. However, a bus will go 1.65 times as
far on a litre of diesel as on a litre of
bioethanol. If taxes are reduced to a level
which takes account of the economic ben-
efits of reducing Denmark’s CO2 emis-
sions, the economics start falling into
place. Reducing emissions of greenhouse
gases is costly, no matter how you go
about it,” says Anne Belinda Thomsen.
From laboratory tests to pilot plant
The positive results with the newly devel-
oped method for the manufacture of
bioethanol have been achieved in a labo-
ratory environment. With a view to docu-
menting the process, the next step will be
the establishment of a test production
plant proper – a mini-factory.
“We must demonstrate in practice what
unit operations are required in the process 
and how they can be placed physically in
a coherent system of pipes and pumps,
etc. We need a hardware demonstration in
a physical framework corresponding in
size to a sports hall. After all, you do not
start building an actual factory on the
basis of favourable laboratory tests. But 
if we are able to see the same results in 
the pilot plant as in the laboratory, the
prospects look bright,” says Anne Belinda
Thomsen.
It takes faith and resources
“I feel that we are generally too laissez-
faire and sceptical in Denmark. Many peo-
ple are very critical and ask: “Is it really
possible?” and “Would it not be better to
wait and see?” Here, I think we have
something to learn from the Americans.
They are busy doing what we are going
around thinking about. Why do we not
proceed at a similar pace? What does it
take? The answer is faith and some re-
sources which would be well worth invest-
ing,” says Anne Belinda Thomsen.
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The vegetation around us contains lots of glucoses. 
They can be transformed into bioethanol or alcohol 
which are suitable fuels for cars. This means that we can
actually run on solar energy stored in plants – without
polluting our surroundings. And we have now found an
efficient way of doing so.
The use | of bioethanol as a fuel is CO2-neutral – and thereby
very attractive in our efforts at providing environmentally sustain-
able forms of energy in the transport sector.
The combustion | of bioethanol in a car engine will, of course,
result in emissions of CO2 – but of no more CO2 than would
have been released had the straw been burnt or left to rot in the
field. 
This means | that the use of bioethanol as a motor fuel will result
in a reduction in current CO2 emissions from cars – to the extent
that the fuels used today are replaced with bioethanol.
Bioethanol | is produced in the USA and Brazil on the basis of
sugar cane and maize.
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Anne Belinda Thomsen
Senior Scientist 
and Project Manager, Risø
Risø’s competences within the fields of en-
ergy research and the environment are ac-
knowledged internationally. Against this
background, Risø is playing a central role
within these areas in a large number of in-
ternational and global programmes and
projects. Risø is enjoying considerable
recognition worldwide for its compe-
tences in the areas of energy climate
change and sustainable development.
Feedback on the Risø Energy Report 1
was positive
In 2002, Risø published its first Energy Re-
port in a new series with global perspec-
tives. The report analyses future require-
ments and describes a selection of new
energy technologies and their potential in
the long term as the energy sources of the
future. It also looks at Danish industry’s
possibilities for contributing to the devel-
opment and production of these new
technologies. The Energy Report has been
well received by scientists and decision-
makers in Denmark, the EU and the rest of
the world.
A new trend 
towards decentralised energy supply
“The Energy Report concludes that future
energy supplies can be improved through
the development of more versatile and ef-
ficient energy systems and the use of re-
newable energy technologies. It points
out that new technologies will play a vital
role in connection with the fulfilment of
future energy requirements. Wind energy
technologies are already doing well in a
number of countries, including Denmark,
and there is considerable potential for fur-
ther development within this area.  The
report highlights fuel cells, biofuels and
solar energy as interesting, potential fu-
ture energy sources where focus can be
shifted from central CHP units to a more
decentralised supply structure. In future, a
part of energy production will take place
in businesses and in people’s homes,” says
Hans Larsen, Head of Risø’s Systems Analy-
sis Department, who has edited the new
Energy Report.
The UN has an eye on 
Risø’s energy competences
The breadth and depth of the energy re-
search at Risø was the reason that the UN
Environment Programme (UNEP) placed a
collaborating centre for energy and envi-
ronment at Risø, as one of a number of
globally oriented centres. The UNEP cen-
tre at Risø is core financed by UNEP and
Danida and implements a large number of
projects for bi- and multilateral agencies.
Its objective is to promote environmental
considerations in energy development,
not least in the developing countries and
in Eastern Europe. In 2002, due to its re-
cognized competences, the Dutch govern-
ment entrusted the UNEP centre with the
implementation of a grant of DKK 70 mil-
lion to bring support for capacity building
within CDM (Clean Development Mecha-
nism) in the 12 developing countries. Risø
currently also has many projects in Eastern
Europe, e.g. in Hungary where the aim is
to bring the country into line with the EU’s
safety and environmental management
requirements.
Risø – an attractive 
and high-profile partner
Risø’s unique energy competences have a
cumulative effect, which gives Risø even
more scope for research and thus contin-
ues to make Risø an even more attractive
partner. For this reason, in 2002 Risø was
chosen as the location of a secretariat
charged with the administration of a
global network of energy centres – the 
so-called Global Network on Energy for
Sustainable Development. This was one of
the results of the environment and devel-
opment summit in Johannesburg. 
Risø on the global energy map
In 2002, John Christensen, Head of the
UNEP Centre at Risø, joined the Bureau of
IPCC – Intergovernmental Panel of Cli-
mate Change – a cooperation under the
auspices of the UN charged, among other
things, with gathering and analysing sci-
entific work on climate and development.
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Risø enjoys considerable international recognition
within the fields of energy and the environment
and plays an important role in a number of 
significant global cooperation programmes.
R I S Ø  I N  A  C E N T R A L  
I N T E R N A T I O N A L  R O L E
In 2002 | Risø published the first in a
new series of energy reports which
describes new energy technologies
and their applications in a global
perspective. The report, entitled Risø
Energy Report 1, New and emerging
technologies – Options for the Fu-
ture, has received broad interna-
tional recognition.
The UNEP centre | for energy and
environment at Risø promotes envi-
ronmentally sustainable energy de-
velopment focusing on developing
countries.
Risø is home to | a new secretariat –
established after the environment
and development summit in Johan-
nesburg. The secretariat manages a
global network of energy centres
with a view to promoting worldwide
centres for environmentally friendly
energy development.
In 2002, Risø employees | were rep-
resented in the steering committee
of IPCC (Intergovernmental Panel of
Climate Change) and in a working
group under the WEC (World Energy
Council). W
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Risø has committed itself to
biomedical optics as a research
area because optics comprises
many interesting perspectives
in both the biological and the
medical areas. 
Measurements of light back-
reflected from tissue and cells
in the human body are very
important for diagnosis and
treatment of many different
diseases. “It is exciting to see
that our research results can 
be directly beneficial to society
and the health sector – and
that they can lead to the for-
mation of new businesses and
workplaces,” says Senior Scien-
tist Peter E. Andersen, whose
research results have been 
included in the basis for the 
establishment of OCT Innova-
tion ApS, a private limited
company that makes skin
scanners for diagnosis of 
dermatological diseases.
Research
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of Denmark 
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Society
The Ministry of Economic and Business Affairs
The Ministry of Science, Technology and Innovation
The Danish Technical Research Council
Trade and industry
OCT Innovation ApS
(newly founded enterprise)
Biomedical optics is a research area that is
understandably the focus of much at-
tention. The scientists make significant
progress in this area for the benefit of the
health sector – and for commercialisation
of the research results. In 2002, Risø 
received a five-year framework grant, 
BIOLASE, of DKK 11.5 million from the
Danish Technical Research Council with a
view to developing this research further. 
New light-based technology 
for measurement of tissue structures
The research is based on a relatively new
technology, optical coherence tomogra-
phy, OCT. With this light-based technique,
it is possible to carry out imaging of cross-
sections of the inner microstructure in
biological tissue – by measuring the
backscattered or backreflected light. The
image resolution is only a few microme-
tres (1/1000 mm), and it is therefore pos-
sible to see the individual cells roughly.
This greatly enhances the possibilities of
diagnosing diseases. 
Development of new light sources 
for different applications
“By means of light it is possible to analyse
the biological state of the tissue. The com-
position of the tissue towards which light
is directed tells you whether the tissue is
healthy or sick. In the BIOLASE framework
programme, we work on the development
of different light sources which have been
adapted to different applications. Four
PhD students will be included in the pro-
gramme to strengthen research and edu-
cation in the area – and to tie the different
research environments closer together,”
says Peter E. Andersen, Senior Scientist at
Risø. 
New enterprise produces skin scanner
The research in biomedical optics at Risø
has led to the formation of a new enter-
prise, OCT Innovation ApS. CAT (Centre
for Advanced Technology) and DTU Inno-
vation have invested a total of DKK 1.4
million in the new enterprise that aims at
producing and marketing a skin scanner
based on OCT technology. The scanner is
used directly on the skin that is scanned
with an infrared light source. On the basis
of the scanning, a cross-sectional image is
made where the user may see approxi-
mately 1.5 mm into the skin at a resolu-
tion of 10 micrometres. The depth and
resolution can be increased in the future
on the basis of the further development of
patented techniques. The skin scanner
may be used for diagnosing skin cancer
and other skin diseases without physical
tissue sampling. Moreover, the OCT tech-
nique has potential in other specialist ar-
eas, including early diagnosing of sclerosis
of the aorta.
IR spectroscopy can measure trace
components in aqueous samples
In 2002, many interesting results were
achieved at Risø in other areas within bio-
medical optics. An example is IR spec-
troscopy where a new method for correct
measurement of even very small concen-
trations of trace components in aqueous
solutions formed the basis of Risø’s parti-
cipation in a new centre contract, Centre
of Optical (bio) Sensors (COS), financed
by the Danish Ministry of Science, Tech-
nology and Innovation and the Danish
Ministry of Economic and Business Affairs.
In the COS project infrared spectroscopic
equipment is used to determine important
chemical compounds in biological sam-
ples by reading their absorption properties
at different wavelengths.
“The method is also used in a pilot test in
the Department of Nephrology at Rigs-
hospitalet in Denmark for on-line monitor-
ing of toxins in dialysis fluids with a view
to improving the quality of the dialysis
treatment. The method has promising
perspectives for the future – both with
regard to diagnosis and treatment,” says
Jimmy Bak, Senior Scientist at Risø.
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B I O M E D I C A L  O P T I C S  I S  D E V E L O P I N G  R A P I D L Y
Research in biomedical optics at Risø has
achieved significant results that may be
used for, e.g., diagnosing diseases. In
2002, the results led to the founding of
a new enterprise. 
Risø has received a five-year framework
grant from the research councils of 
DKK 11.5 million for the development 
of new laser systems for dermatological
diagnosis and treatment.
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A new Danish | enterprise,
OCT Innovation ApS, uses bio-
optical research and techno-
logy from Risø and the Techni-
cal University of Denmark to
manufacture a new product –
a scanner for simple and effi-
cient diagnosis of skin dis-
eases.
The optical | OCT technology
(see article on this page) may
in future be used for simple
diagnosing of, e.g., sclerosis
of the aorta and cancer.
Read more | about our re-
search in biomedical optics at:
www.bio-lase.dk
www.biop.dk
Once, plastic was only used as a material
because it is easy to shape and mould into
a number of different products from door
handles to plug sockets in the wall. Today,
polymer research carries with it entirely
new possibilities as the scientists are work-
ing with advanced polymers in which the
molecules play an active part – and do not
just constitute a shape. Research in poly-
mers which are electrically conductive
promises very interesting perspectives for
the future.
We took a leap forward in 2002
“We are constantly trying to push the lim-
its, and in 2002 we took a big leap for-
ward as we found a polymer of the PPV
type, polyphenylenevinylene, with an ex-
tremely high electrical conductivity rela-
tive to what we’ve seen before. We have
set new limits for how much electricity can
be conducted through a plastic material,”
says Frederik Krebs from the Risø research
team that has discovered the new highly
conductive polymer.
Can be used for 
solar cells and in electronics
The new polymer is interesting – both
with regard to the production of energy
by means of solar cells and the production
of electronic components. Plastic is a sim-
ple and cheap material compared to, for
example, pure silicon which many elec-
tronic transistors are made from today. For
this reason, plastic has many applications,
e.g. low-cost electronic components. The
new, highly conductive PPV polymer
which the Risø scientists have discovered
thus has better conductivity and handling
properties than polyhexylthiophene which
today reigns supreme within polymer-
based electronics.
The challenge is the development 
of industrial processes
“The challenge we are now facing is to en-
sure a long life for the conductive polymer
and to develop industrial processes with a
view to utilising the new possibilities. In
the spring of 2003, the possibilities of
technology transfer to Danish trade and
industry will be examined. It is very excit-
ing to take part in a project which is mov-
ing so quickly from basic research to a
concrete industrial project that will be of
benefit to society. It is basically an energy
project concerned with the harvesting of
energy from the sun in the most efficient
and financially expedient way. Here, the
new highly conductive polymer has a sig-
nificant role to play,” says Frederik Krebs.
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N E W  P L A S T I C  M A T E R I A L  
W I T H  H I G H  C O N D U C T I V I T Y
Risø’s scientists have found a polymer showing 
the highest electrical conductivity ever measured
in a polymer. 
Plastic that can carry electricity efficiently offers 
a wealth of interesting perspectives.
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We have set new limits for how
much electricity can be conducted
through a plastic material, which
has great perspectives for the future.
Frederik Krebs
Member of the Risø research team
that has discovered the new highly
conductive PPV polymer
Risø is using | the new polymer with
a high conductivity in the develop-
ment of the solar cells of the future.
Imagine, for example, a roof made
of plastic which can provide the
house with energy.
The newly-developed | material can
also be used for polymer-based elec-
tronics components. Imagine, for ex-
ample, household electronics with
plastic LEDs and transistors – such as
egg-timers or other clocks, calcula-
tors, radios, etc. The possibilities of
new environmentally friendly low-
price electronics are endless. W
O
R
T
H
 
K
N
O
W
I
N
G
 
.
.
.
Research
Risø
Society
Research programmes
STVF
Trade and industry
New cooperation with an
anonymous partner in the
plastics industry
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U N I Q U E  C O O P E R A T I O N
E X T E N D E D
In 1998, Risø and the seed producer 
DLF-Trifolium entered into a four-year 
cooperation agreement on the development
of new grasses without stems, with a high 
nutritional value and other utility values. 
The cooperation project was co-financed by
the Research Council’s THOR programme for
very targeted research. In 2002, the fruitful
cooperation was extended for a new 
three-year period.
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DLF-Trifolium | is a Danish enter-
prise and the world’s largest exporter
of grass seed.
The objective | of the cooperation
between Risø and DLF-Trifolium is to
develop new, genetically-engineered
grasses for forage and lawn grass
where the formation of flowers and
stems can be controlled.
The aim is | to develop new grasses
which only produce leaves and not
stems, flowers or pollen.
The benefits | of this are that the
grass will be more nutritional feed
for lifestock. In this way, the lifestock
will need less feed concentrate based
on grain which requires crop spray
and more fertilizer.
Lawn grass | that does not produce
stems will also have benefits relating
to appearance and care. Perfect for
the golf course.
Read more | about the cooperation:
www.dlf.dk/rddk03.shtml
www.risoe.dk/pbk/research_uk/
pli.htm
Research
Risø
Society
Among others, the Research
Council’s THOR programme
for very targeted research
EU
Trade and 
industry
DLF-Trifolium
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The cooperation between Risø and DLF-Trifolium
is so close that in the day-to-day work in our
research team of approx. fifteen people we do not
even think about who is employed by whom.
Klaus K. Nielsen
Head of Research, 
DLF-Trifolium
For about four years, scientists from Risø
and DLF-Trifolium, the world’s largest ex-
porter of grass seed, have worked side by
side in a research lab in the Risø Plant
Research Department. The cooperation in
the research team is so close that the fif-
teen scientists and technicians normally
do not think about who is employed by
whom. It is the common objectives that
matter. 
New knowledge 
about gene technology
The research is, through gene technology,
to develop new grasses with a high nutri-
tional value to provide forage and lawn
grass with improved properties. This re-
quires new knowledge about gene func-
tion and the development of a gene tech-
nology that prevents the unwanted spread
of genes in nature. The technology devel-
opment takes place in the laboratory at
Risø while the transfer motion of plants is
carried out in DLF-Trifolium’s R&D Division
in St. Heddinge.
Cooperation extended to 2005
The research cooperation between Risø
and DLF-Trifolium was originally estab-
lished for a four-year period in 1998, when
the Research Council’s THOR programme
for very targeted research co-founded the
project. However, when this agreement
expired in 2002, Risø and DLF-Trifolium
chose to extend the cooperation agree-
ment for another three years for the 2002-
2005 period.
Promising results
“The cooperation has been extremely
fruitful for both parties. We have reached
the milestones set up along the way. The
results are very promising and we have
submitted a number of patent applica-
tions. However, we need to continue our
research and development efforts in order
to meet our objectives. We have built an
efficient technology platform, however,
we have not yet completed the develop-
ment of the new grass types that we want
to market. For this reason, we need to fin-
ish the job and to work on the new proj-
ects that have been added along the
way,” says Klaus K. Nielsen, Head of Re-
search at DLF-Trifolium who is the day-to-
day manager of the laboratory at Risø.
Controlling the formation 
of flowers and stems
The basic idea of the cooperation is to find
a way to control the formation of flowers
and stems in grasses. The aim is to de-
velop a grass which only produces leaves
and not stems, flowers or pollen. The
stems are poorly digestible and not very
nutritional as feed for lifestock which must
then be fed concentrate based on grain.
This is expensive and not very good for
the environment as grain, as opposed to a
grass field, requires crop spray and larger
volumes of fertilizer. With regard to lawn
grass, the grass that is incapable of pro-
ducing stems also has certain benefits re-
lating to apperance and core.
An active participant 
in international projects
The research work entails finding and con-
trolling the genes that regulate the floral
transition, to be able to maintain a gene-
tically engineered new grass at a vegeta-
tive, green and nutritional stage, and to
be able to “turn the floral transition on
and off”. DLF-Trifolium needs to be able to
activate this process in order to produce
seeds. When this work is complete, it will
represent a great technological leap for-
ward and will be of great value to the re-
search in monocotyledonous plants. The
cooperation has added greatly to both
Risø’s and DLF-Trifolium’s competences
within plant biological research in grasses
– a clear win-win situation. An agreement
has been made for the joint exploitation of
the research results. The cooperation has
also made Risø/DLF-Trifolium an attractive
participant in other national and interna-
tional projects such as four projects within
the EU’s Fifth Framework Programme.
In connection with the coming decom-
missioning of Risø’s three reactors, it is of
vital importance to know which materials
are radioactive and to what extent. This
question is far more complicated than one
would expect. Because in order to answer
it, it is necessary to be able to separate and
measure all the elements that form part of
the reactors’ construction materials. The
concrete and graphite which the reactors
are made of  are the main contributions of
radiation. 
Safe handling of radioactive material
“Some material which has been close to a
reactor core can be 100 or maybe 1,000
times more radioactive than the same ma-
terial further away from the core. And the
different radioactive substances have very
different half-lives – from a few years to
several thousand years,” says Xiaolin Hou
from Risø’s Radiation Research Depart-
ment. “Furthermore, the different radioac-
tive substances require different handling
as they have varying degrees of toxicity
and a different risk profile for later seeping
in the storage depots. Most of the con-
struction materials from the Risø reactors
have low radioactivity, but it is very im-
portant that the handling of both the mid-
level and low-level material is safe and se-
cure for people and the environment. Our
assignment and challenge is how to sam-
ple the material and how to treat and de-
velop methods for the analysis of the sam-
ples. This is an exciting challenge,” Xiaolin
Hou continues. 
Determination of element profiles
– an important tool
Xiaolin Hou and his Danish colleague Lars
Frøsig Østergaard are currently develop-
ing analysis methods for the determina-
tion of radioactive (Hou) and stable (Frøsig
Østergaard) element profiles. It is also im-
portant to be able to determine the pro-
files of the stable elements in the reactors’
construction materials because these can
be used for the modelling of neutron acti-
vation that the materials were exposed to
while the reactors were in operation. In
this way it is possible to make reliable esti-
mates of the quantity of radioactivity in
the reactors’ construction materials – with-
out having to measure “each atom” of the
many tonnes of construction materials
one by one. Thus, the analysis work has a
practical and time-saving aim.
Elements are detected 
by measuring light and ion weight
The Radiation Research Department has
procured new spectrometry equipment
for the analysis of stable and radioactive
elements. This includes a liquid scintilla-
tion counter used to detect beta emitters
in radioactive material after chemical sep-
aration. Furthermore, an inductive cou-
pled plasma (ICP) optical emission spec-
trometer that can detect the content of
different elements in a material by meas-
uring their emission of light was acquired,
as well as a high-resolution ICP mass spec-
trometer that can determine the elements
by measuring the weight of their ions.
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R A D I A T I O N  R E S E A R C H
–  D A N E S  C A N  F E E L  S A F E
Risø’s Radiation Research Department has acquired new, 
advanced measuring equipment and is currently developing
new analysis methods for the determination of both stable
and radioactive element profiles in construction materials.
This is very important for the work on the safe decommis-
sioning of Risø’s reactors. However, radiation research at Risø
includes many aspects, among other things, the radiation
which the Danes are exposed to from radioactive substances
in our surroundings is constantly being measured.
Research
Risø
Society
Danish Parliament Decision of
13 March 2003
Research project “Organic food
and health” sponsored by the
Ministry of Food Agriculture
and Fisheries 
Hospitals
The police
Trade and industry
Danish 
Decommissioning
FLS Miljø A/S 
NKT Integration A/S
Polimoon Langeskov A/S
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The aim is that one day, it will
be possible to cultivate the
fields outside our windows
without having to worry about
the reactors that were once
here. Most of the construction
materials from the Risø reactors
have low or no radioactivity,
but it is very important that the
handling of both the mid-level
and low-level material is safe
and secure for people and the
environment.
The development | of methods
for the chemical analysis of stable
and radioactive elements in the
construction materials from Risø’s
reactors is a prerequisite for the
safe decommissioning of the 
reactors.
Read more | about the work in
the Radiation Research Depart-
ment – both in relation to the 
decommissioning of the reactors
and to other applications:
www.risoe.dk/nuk/Reactor4.htm
www.ddcom.dk/index.htm W
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Spectrometry equipment 
used for criminal investigations
The efforts carried out by the Department
of Radiation Research are very important
in a number of contexts over and above
the decommissioning of the reactors.
Since the 1950s, the Department has kept
an eye on the radioactive radiation that
the Danes are exposed to – and it is
the only place in the world where the
continuous monitoring process is so long.
Radiation research is also used in the
health sector – and even more surprising,
as a tool in criminal investigations.
In 2000, the biggest of Risø’s three reac-
tors (DR3) was shut down as a conse-
quence of an in-depth investigation that
showed the first signs of corrosion. For a
number of years, Risø has built up consid-
erable competence and expertise within
new, sustainable energy technologies, and
the shut-down of the reactor marked the
beginning of a new era in the history of
Risø. However, a complex clean-up opera-
tion is expected with the decommission-
ing of the reactors. 
The decommissioning is being 
organised by Danish Decommissioning
In 2002, Risø Decommissioning took part
in the creation of the decision-making
platform for the preparation of the Danish
government’s recommendation to the
Danish parliament, Folketinget, concern-
ing the decommissioning of the nuclear
plants. In 2003, the decommissioning is
intended to be placed in the hands of an
independent organisation, Danish De-
commissioning (DD), which refers directly
to the Danish Minister for Science, Tech-
nology and Innovation. The approx. 60
employees, who have been responsible for
the planning of the decommissioning in
Risø, will be transferred to Danish Decom-
missioning. The reason for establishing
such an independent organisation is that
the decommissioning will be accom-
plished more effectively in a different
organisation to Risø’s. In Danish Decom-
missioning, long-term, thorough and well-
planned clearing-up efforts are needed
over a period of approx. 20 years.
Risø competence within 
radiation research supports DD
The new organisation will be supported by
Risø’s Radiation Research Department,
which is developing measurement meth-
ods for the detection of both stable and
radioactive substances. In future, the com-
petences of this department in Risø will
also focus on medical uses of radiation.
Used fuel elements to the USA
In 2002, the last used fuel elements from
the DR3 reactor’s operation were returned
to the USA. Consequently, the only re-
maining reactor fuel left in Risø today
is the DR1 core and 233 kg of irradiated
test fuel, the result of previous research
projects in Hot Cells. In 2002, Risø
Decommissioning also tried to find an
international solution to this fuel problem.
A solution is yet to be found, but the op-
tions are still being looked into. 
Decommissioning facilities
The construction of the plants intended to
create the production capacity for the de-
commissioning will begin under the aus-
pices of Danish Decommissioning in 2003.
An intermediate storage facility, among
other things, will be built for radioactive
waste and lab facilities will be set up for
the characterisation of radioactive waste
to be distributed in various containers and
the free classification of waste.
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R E A C T O R S  B E I N G  D E C O M I S S I O N E D
The decommissioning of the three reactors at Risø will take place under
the auspices of an independent organisation, Danish Decommissioning.
V A L U E - B A S E D  S T A F F  P O L I C Y
Risø’s new staff policy is based in the fol-
lowing values: Job satisfaction, commit-
ment, innovation, cooperation and hu-
manity. Risø has high aims in terms of
pushing the limits for knowledge, spear-
heading the development of new tech-
nologies and benefiting society by provid-
ing the basis for new enterprises. To
achieve such goals, we have to think col-
lectively and act independently. With
Risø’s new staff policy, the employees’
scope has been widened.  These values re-
duce the need for instruction and control,
thereby increasing employee responsibility
– also in terms of their own development.
Interaction between work 
and private life
It is important that work and private life in-
teract. Our staff policy is a part of our ap-
proach to establishing a balance between
work and leisure time. We strive to provide
a broad range of flexible job opportunities.
A range suited to meet the needs of the
individual employee. Examples include
working at home to care for a sick child or
to find the necessary peace and quiet to
concentrate on a major project.
An attractive workplace
We have intensified our efforts to visualise
Risø as an attractive workplace. We are, for
example, in the process of introducing a
new advertising concept. This change of
style has drawn a lot of attention to Risø’s
job advertisements, and the number of ap-
plications has increased.
International recruitment
Each year, we appoint a considerable
number of foreign employees. This raises a
number of specific questions in respect of,
e.g., tax affairs, residential and work per-
mits as well as housing. Consequently, Risø
has participated in the creation of a new
website. At the beginning of 2002, the
website workindenmark.dk was launched.
This website is a tool for foreigners work-
ing in Denmark and for Danish enterprises
wishing to provide a good service to their
foreign employees.
Executive development
As an international, multidisciplinary re-
search institution, Risø finds itself in the
sphere between a public and a market-
controlled world. This places considerable
requirements on our executives. Conse-
quently, 2002 saw the initiation of an ex-
ecutive academy at Risø.
Jørgen Mads Clausen,
CEO
Danfoss A/S, Chairman
Birthe Skands, Director
Bimoco A/S, Vice-chairman
Per Buch Andreasen, MD,
Dr.Med.Sc.
The Research Secretariat,
Copenhagen University Hospi-
tal, Gentofte 
Knut Conradsen, 
Vice-Rector, Professor
Technical University of Den-
mark
Jørgen Elikofer, Head of De-
partment, President’s Office 
Dansk Metal
Agnete Gersing, Deputy Per-
manent Secretary
Danish Ministry of Finance
(until October 2002)
John Agertoft Hansen, Buyer
Risø National Laboratory
Elected by Risø staff
Torben Mikkelsen, Research
Specialist
Risø National Laboratory
Elected by Risø staff
Karl Gustav Nielsen, Director
Vestas Wind Systems A/S (from
March 2003)
Ulla Röttger, Director
Amagerforbrænding
Annette Toft, Head of Research
and Nutrients
Danish Agricultural Council
Lisbeth Grønberg, LLM
Risø National Laboratory
Company Secretary
Management
Jørgen Kjems,
CEO
Jørgen Honoré,
Deputy Director
(until 30 April 2002)
Lisbeth Grønberg
Acting Deputy Director (from
1 May 2002 to 31 August
2002)
Jon Wullf Petersen,
Deputy Director
(from 1 September 2002)
Heads of departments
Wind Energy
Erik Lundtang Petersen
Materials Research
Robert Feidenhans'l
Optics and Fluid Dynamics
Jens-Peter Lynov
Radiation Research 
Benny Majborn
Systems Analysis
Hans Larsen
Polymers
Klaus Bechgaard (acting)
Plant Research
Jens Kossmann
Risø Decommissioning
Mogens Bagger Hansen
Building and Construction 
Service
Freddy Mortensen
Information Service
Birgit Pedersen,
Head of Department
Leif Sønderberg Petersen,
Public Relations Officer
IT Service
Erik Kristensen
Administration
Lisbeth Grønberg,
Company Secretary
Minna Nielsen, Finance
Ulla Rasmussen, HR
Hanne Troen, Safety
Board of Governors
Risø is managed by a Board of Governors consisting of ten
members. The Chairman and the other members of this Board
are appointed by the Minister for Science, Technology and In-
novation. Of these members, two members are elected by and
among the employees at Risø.
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T H E  O R G A N I S A T I O N
To this must be added the Risø
Decommissioning Department
which is financially independ-
ent and which is expected to
be transferred to Danish De-
commissioning in 2003.
Risø is a government research
institution under the Danish
Ministry of Science, Technol-
ogy and Innovation.
Board of Governors
Management
Building and Construction Service
Administration
Information Service
Radiation Safety 
Bioproduction
Industrial technology
Energy
Risø’s organisation
Research area
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N E W  E D U C T I O N  S T R A T E G Y
T O  Q U A L I F Y  S T U D E N T S
Risø has defined a new
education strategy
which is based on the
industry’s need for new
competencies.
Danes must live on knowledge, compe-
tences and know-how in the future when
more and more low-technology work-
places are leaving the country. For this rea-
son, it is important that a sector research
institution like Risø contributes more ac-
tively to the education of the young scien-
tists – partly for the research environments
and partly to meet the high-technology
enterprises’ need for highly qualified staff.
Unique competences within core areas
“Our strength at Risø lies in our special
competences within our core areas – en-
ergy, industrial technology and biotech-
nology. We have a unique cooperation
with Danish industrial companies. For this
reason, our research and education efforts
are greatly influenced by the current and
future needs of industry. We must be even
more active in ensuring that employees
with the right competences will also be
available for working in industry in future
in order for the enterprises to hold their
own in international competition, says Jør-
gen Kjems, CEO at Risø.
Long experience with PhD students
and those writing dissertations
“Risø has also played an active role in the
field of education previously. For many
years, PhD students and those writing dis-
sertations from all over Denmark have par-
ticipated in research projects at Risø where
they have benefited a great deal from
working side by side with Risø’s scientists.
In most of Risø’s research programmes
students participate actively in the cre-
ation of new research results.”
An active cooperation partner 
for the universities
“The new element in Risø’s education
strategy 2002 is that we want to be a
more active partner for the universities in
several different areas. Risø’s scientists will
continue to teach at the universities within
the fields where they possess unique
knowledge and expertise. Furthermore,
we will also be participating actively in
MSc courses where our starting point will
be that the students will get credit for par-
ticipating in our activities. We will not be a
university, but students from the universi-
ties can come to us and carry out a project
or an experiment as part of their educa-
tion,” says Jørgen Kjems.
Risø – an exciting 
education environment
“In our experience, the students think it is
exciting to come to Risø and work to-
gether with Risø’s scientists. They like the
fact that our research activities have a spe-
cific purpose – and that our research pro-
jects are socially relevant. We can also offer
students more teamwork-based working
procedures than they are used to in their
usual work environments at the universi-
ties.”
We supply industry with staff
“We perceive our future education system
as a funnel through which we will “tip”
well-trained and competent young people
directly out into Danish enterprises. This
can be done because we have a close co-
operation with industry and are able to
adapt our education activities to suit their
needs. In this way, we will in future be
even more of an efficient link between the
universities and industry,” says Jørgen
Kjems.
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Within its special competence
areas – energy, industrial tech-
nology and biotechnology –
Risø enjoys very close coopera-
tion with industry. In this way,
Risø knows a lot about which
competences the industrial en-
terprises would like their future
employees to possess. Through
its new education strategy, Risø
will qualify the students to
meet the industry’s need for ex-
pertise.
PhD students and students | writing
their dissertation participate in re-
search projects alongside Risø’s scien-
tists.
At the universities, | Risø’s scientists
use their unique knowledge within
energy, industrial technology and
biotechnology when teaching.
In future, | Risø will contribute
actively to the MSc courses as the
universities’ partner.
Students | will be able to carry out
projects or experiments at Risø.
Students | are being offered more
teamwork-based work at Risø.
Risø | wants to meet industry’s de-
mand for new, highly qualified
employees. W
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Wind research and education 
in close cooperation
The wind scientists at Risø are already very
experienced in teaching graduates. Scien-
tists from Risø’s Wind Energy Department
participate in the teaching of student
diploma engineers in the subject of wind
turbine concepts and standards at the
Herning Institute of Business Administra-
tion and Technology. The result of this is
that the wind turbine manufacturers now
have access to new employees with com-
petencies that they can readily use.
Biotechnology – another growth area
“Risø can also offer students a business-re-
lated education in the biotechnological
field – thanks to our prolonged coopera-
tion with DLF-Trifolium on the develop-
ment of the genetically engineered grasses
of the future. Furthermore, this develop-
ment project is partly manned with PhD
students and young scientists in a very
productive team which in the long term
will be able to transfer to the enterprise as
the research results are being commer-
cialised,” says Jørgen Kjems.
New, flexible cooperation 
with the universities
“Risø’s new education strategy generally
entails an extended role for Risø in relation
to education. In 2003, we will renew the
content of our cooperation together with
the universities – and in 2004 the new
practice will be fully implemented. We will
present some tailor-made courses that re-
alise the potential of the existing curricula
and we will start the first trial with project-
based education. It is important that the
courses on offer at Risø are established and
quality-assured in a flexible way so that
the universities can include them in the
exam evaluations. We also want to ensure
that our offer matches the European sys-
tem for courses for which credits are
given,” says Jørgen Kjems.
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Materials Research Department
Eva Ravn Nielsen (Industrial PhD.), DTU
Karin Vels Hansen, DTU 
Séverine Ramousse (Industrial PhD.), DTU
Søren Koch, DTU
Optics and Fluid Dynamics Department
Anders Andersen, DTU
Nils Plesner Basse, KU
Søren Bang Korsholm, DTU
Morten Bache, DTU
Plant Research Department
Anne Marie Scharff, RUC
Britta Gavnholt, KU
Dan Bruhn, KU
Jock Nielsen, KVL
Kim Burhenne, KVL
Lars Frøsig, KU
Nanna Viereck, RUC
Poul Møller Hansen, KVL
Rasmus Nyholm Jørgensen, KVL
Polymers Department
Jens H. Truelsen, DTU
Lise Arleth, KVL
Nikolaj Gadegaard, KU
Radiation Research Department
Mats Eriksson, University of Lund, Sweden
Systems Analysis Department
Anne Olhoff, RUC
Cassandra Brooke, Oxford University
Gunnar Hauland, ÅU
Jacob Sparre Andersen, KU
Thomas Bove, RUC
DONG’s Anniversary Prize 
awarded to Risø manager
On Wednesday, 24 April 2002, Erik Lund-
tang Petersen, Head of the Wind Energy
Department, received DONG’s Anniver-
sary Prize of DKK 100,000. The prize was
presented to him at an event in the Niels
Bohr Auditorium at Risø.
International award 
to materials scientist at Risø
On 13 February, the 31-year-old materials
scientist at Risø, Lawrence Margulies, re-
ceived an honorary award for his research
in metals deformation. This research could,
among other things, provide lighter cars
and thus reduced CO2 emissions.
Risø scientist appointed Adjunct
Professor at the University of Lund,
Sweden
Morten Eldrup, Senior Scientist at the Risø
National Laboratory, has been appointed
Adjunct Professor at the University of
Lund, Polymer Technology Department.
Grant to Risø scientist
Karin Vels Hansen, Scientist, has received
DKK 35,000 from the foundation A.R. An-
gelos Legat. She received the grant for her
considerable talents in applied research
which has led to remarkable results which
have contributed to Risø being able to de-
velop more efficient fuel cells with an even
lower internal resistance.
Risø scientist appointed Adjunct Pro-
fessor at the University of Copenhagen
As at 1 October 2002, Paul Michael Pe-
tersen, Head of Research Programme, has
been appointed Adjunct Professor at the
University of Copenhagen, the H. C.
Ørsted Institute.
Medal awarded to Risø technician
On 14 May 2002, Søren Peo Pedersen was
awarded the Massmann medal. 
The medal was presented to Søren Peo
Pedersen by H.M. Queen Margrethe of
Denmark for his test piece in connection
with the completion of his apprenticeship
as an electrical engineer.
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F I N A N C E
2002 Accounts 2001 2002 2003
Operating statements 2002-2003 (DKKm)
Risø National Laboratory Accounts Accounts Budget
Revenue 525.9 529.8 542.3
Government appropriations
Funding under the Danish Appropriations Act 243.2 242.5 239.8
Additional grant/disp. limitation 18.6 1.3 0.0
Other contracts 167.4 166.7 185.3
Market-controlled activities 96.8 108.3 107.2
Services Risø/RD 0.0 11.0 10.0
Current expenditure 453.8 458.4 481.5
Wages and salaries, Risø 275.6 280.0 289.5
Operation, Risø 178.2 178.4 192.0
Operating profit 72.1 67.6 60.7
Investments 53.7 75.5 63.7
Investment pool 12.8 17.6 33.7
Wind Energy Centre and Høvsøre 22.5 39.5 5.0
Departmental investments 18.4 18.4 25.0
Net profit 18.4 -4.0 -3.0
Assets 13.1 9.1 6.1
Risø Decommissioning Accounts Accounts Budget
Revenue 52.7 79.6 88.9
Funding under the Danish Appropriations Act 51.5 65.6 88.0
Additional grant (fuel transport) 0.0 10.1 0.0
Market-controlled activities 1.2 3.9 0.9
Current expenditure 52.7 79.3 45.6
Wages and salaries 25.9 26.6 27.0
Operating costs 7.1 28.0 18.6
Reactor fuel, disposal 19.8 24.8 0.0
Operating profit 0.0 0.2 43.3
Investments 0.0 0.0 43.6
Net profit 0.0 0.2 -0.3
Assets1 0.0 0.2 -0.1
Note 1: Risø’s assets year-end 1999: DKK 14.4 million; year-end 2000: DKK -5.3 million
The operating accounts cover main accounts 19.51.01 and 19.51.02 of the Danish Appropriations Act.
Risø Decommissioning will be reported separately.
Risø’s green accounts for 2002 containing
a statement of material environmental and
work environment factors at Risø is avail-
able at www.risoe.dk. In 2003, Risø wants
to establish targets for improvements in
the environmental area, including the
consumption of water, heating and elec-
tricity and paper recycling. 
In addition, Risø wants to expand the ac-
counts by following the guidelines issued
by the Danish Environmental Protection
Agency (Miljøstyrelsen) concerning green
accounts. The full extent of this expansion
is expected to be evident in 2004.
Risø is working towards a level correspon-
ding to a certification in the working envi-
ronment area. This is expected to be com-
pleted in 2004.
The workplace assessment is well incorpo-
rated at Risø. An in-depth workplace as-
sessment in all areas every three years and
an annual revision of the action plan in the
intervening years is working well. In 2002,
two departments have focused on the
physical working environment, and we are
now in the process of assessing whether
the model of the Danish Working Environ-
ment Service can be used for a job satis-
faction survey for all of Risø in 2003. Fi-
nally, a model for a chemical workplace as-
sessment has been tested in 2002, and the
first departments are ready to implement
this model in 2003.
In 2000, the operation of Risø’s DR3 reac-
tor was stopped. In 2001, the plans for the
decommissioning of the nuclear plants be-
gan to take shape. The nature of the work
in the nuclear plants has changed, and the
number of practical tasks has been re-
duced as planning, decision-making, ap-
provals, EIA reports and so on and so forth
must be in place before the work can pro-
ceed. In 2001 and 2002, the radiation
doses to which employees have been ex-
posed have thus been significantly re-
duced as compared with previous years.
In respect of fire safety, the fire risk level
has, once again, been reduced following a
review by the Danish Institute of Fire and
Security Technology (Dansk Brand- og
Sikringsteknisk Institut). In 2000, the aver-
age fire risk level was 2.7. This was re-
duced to 2.5 i 2001 and to 2.3 in 2002.
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Forskningen | i brændsels-
celler er udsprunget af den
nukleare forskning på Risø. 
En SOFC-celle | (Solid Oxide
Fuel Cell) er en brændselscelle
baseret på keramiske materi-
aler, som er udviklet af Risøs
forskere. Den er blandt de
bedste i verden, bl.a. fordi
den har en usædvanligt høj 
Risø stresses | the importance of sa-
fety. We have active safety manage-
ment to ensure that all risks have
been identified and understood and
brought down to an acceptable le-
vel. 
News in this respect is available in
Danish at www.risoe.dk/risoedk/
Sikkerhed/sikkerhed.htm 
This site contains an overview and
information on: 
- Current topics
- Emergency procedures
- Central units and committees
- Radiation and safety
- Supervising authorities
- Risø’s safety policy
- Risø’s green accounts 
- Information material
- The political debate on nuclear
plants W
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Risø National Laboratory
Frederiksborgvej 399
P.O. Box 49
DK-4000 Roskilde
Tel. +45 4677 4677
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E-mail risoe@risoe.dk
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